Background of the study: Enteral feeding in preterm neonates with intrauterine growth restriction (IUGR) and absent or reversed end diastolic flow (AREDF) on umbilical artery (UA) Doppler is delayed owing to an increased risk of necrotizing enterocolitis (NEC). Delaying enteral feeding with longer duration of parenteral nutrition (PN) carries an increased risk of sepsis. Objectives: To study early versus late feeding in preterm IUGR neonates for time required to attain sufficient feed volume to discontinue PN and increased risk of NEC or feed intolerance (FI). Design: Open-label randomized controlled trial. Setting: Tertiary care neonatal unit and fetal-maternal medicine unit in India. Participants: Preterm intrauterine growth restricted neonates' 32 weeks with AREDF on UA Doppler enrolled from 1 January 2014 to 31 July 2015. Intervention: Randomized to receive early or late feeding using mothers own or donor breast milk as per a feed initiation and advancement protocol. Primary outcome: Time in days required to attain sufficient feed volume allowing discontinuation of PN and incidence of NEC in neonates fed early versus late. Results: There were 77 eligible neonates. Sixty-two neonates were included and stratified as extreme preterm (27-29 weeks) (n ¼ 20) and very preterm (30-32 weeks) (n ¼ 42). Ten extreme preterm and 21 very preterm neonates were randomized to each early feeding and late feeding arm. There was a significantly faster attainment of sufficient feeds in the early feeding arm of both the stratified groups [extreme preterm: median 14 days (Interquartile range IQR: 12-15) compared with 18 days (IQR: 18-20), hazard ratio (HR): 1.59, 95% CI: 0.626-4.078; very preterm: 12 days (IQR: 10-14) as compared with 16 days (IQR 15-17), HR: 1.89, 95% CI: 1.011-3.555]. There was no difference in the incidence of NEC, FI and combined outcome of NEC and FI.
I N T R O D U C T I O N
Preterm neonates with intrauterine growth restriction (IUGR) are a heterogeneous group and comprise a significant proportion of neonatal intensive care unit (NICU) admissions. The incidence of lowbirth-weight IUGR in India is 21% with the majority of the cases attributable to feto-maternal environment and of a non-genetic etiology [1, 2] . A subset of this IUGR population is identified antenatally to have abnormal umbilical artery (UA) Doppler flow velocities predisposing them to necrotizing enterocolitis (NEC) [3] . Absent or reversed end diastolic flow (AREDF) on UA Doppler flow velocity assessment is a reflection of the fetal 'cerebralization of blood flow' seen in chronic fetal hypoxia and is associated with increased risk of adverse perinatal outcomes [4] . A combination of direct hypoxic-ischemic mucosal injury, susceptibility to stasis and prolonged ileus, abnormal development of gut microbiome with bacterial transmigration contribute to the increased incidence of NEC [5] . A systematic review and meta-analysis of 14 observational studies argued strongly in favor of increased risk of NEC in preterm IUGR babies with AREDF on UA Doppler [6] . This is increasingly being challenged and new evidence is beginning to accumulate with studies both in favor [7] and opposing this risk [8] . A recent multi-centric randomized trial showed that early introduction of enteral feeding in preterm growth restricted infants resulted in earlier attainment of full enteral feeding and shorter duration of parenteral nutrition (PN) and did not increase the risk of NEC [9] . This study was designed with relevance to our setting where delaying enteral feeding increases the risk of central line and intravenous fluid-related late-onset sepsis (LOS). Thus, the outcome measure appropriate to our setting was time required to attain sufficient enteral feeding volume allowing discontinuation of PN and incidence of NEC and feed intolerance (FI).
M E T H O D S
The study was a single-center open-label randomized trial conducted at a tertiary care NICU from 1 January 2014 to 31 July 2015. The fetal-maternal medicine unit of the institution provides regional perinatal services and receives in utero IUGR fetuses. UA Doppler was used as the primary surveillance tool in these fetuses. When UA Doppler flow indices were normal, it was repeated every 14 days but if they were abnormal (pulsatility or resistance index > þ2 SD above mean for gestational age) and delivery was not indicated, daily surveillance was performed. Ductus venosus (DV) Doppler was used for timing of delivery. In the preterm IUGR fetus with AREDF on UA Doppler detected before 32 weeks of gestation, delivery was recommended when DV Doppler became abnormal or umbilical venous (UV) pulsations appeared. Delivery was considered by 32 weeks of gestation with AREDF even when DV Doppler was normal. Antenatal steroids use in these mothers was universal and Betamethasone was used as per the unit policy. NICU practices included early aggressive PN through placement of UV catheters or peripherally inserted central catheters (PICC), weaning of PN once the enteral intake reached 120 ml/kg/day in extreme preterm and 110 ml/kg/day in very preterm, use of exclusive breast milk feeding with mothers' own milk or donor breast milk and complete avoidance of formula milk and routine use of human milk fortifier. Full feeds were defined as daily enteral feed volumes of 150-180 ml/kg/day, which allowed consistent weight gain for 3 successive days. Assessment of severity of growth restriction was done using intrauterine growth charts of Olsen [10] . Measures for prevention of neonatal sepsis were in place. Mothers were encouraged to express breast milk and assistance was provided to them. PN fluid was prepared under a laminar air flow system within the NICU. The study was approved by the institutional ethics committee. 
Exclusion criteria
The following neonates were excluded: who were extramural, symmetric IUGR, antenatally suspected intestinal anomaly, lethal congenital anomaly, dysmorphic, needed invasive ventilation, inotropic support or extensive resuscitation and parent unavailable. Intramural preterm IUGR neonates < 27 weeks were also excluded.
Randomization
Serially admitted preterm IUGR neonates 32 weeks eligible for the study were enrolled and stratified as extreme preterm (27-29 weeks 6 days) or very preterm (30-32 weeks 6 days). Following initial stabilization by 12 h of age, babies were randomized to early feeding or late feeding arm using an online service (www.randomization. com). Random permuted blocks of varying sizes with a 1:1 allocation ratio were generated. Serially numbered opaque sealed envelopes were used to conceal allocation.
Intervention
Early feeding was defined as initiation of expressed breast milk (EBM) feeding within 12-48 h after birth, while late feeding was defined as initiation of feeds by 120-144 h after birth or later. Minimal enteral nutrition (MEN) with EBM was given in all cases and continued for 48-72 h. Feed progression using EBM was done at the rate of 10-15 ml/kg/ day as per a feed advancement protocol (FAP) to achieve a stable, enterally tolerated volume of 150-180 ml/kg/day (Table 1) . Feeds were initiated if on assisted ventilation the FiO2 requirement was 0.4 or nasal continuous positive airway pressure (CPAP) 6 cmH2O with a normal mean arterial pressure. Monitoring Initiation of feeding was done using a combination of clinical parameters, which included abdomen appearance and feel, meconium passage, color and nature of orogastric aspirate, bowel sounds, hand-tomouth behavior of baby and bowel gas pattern on abdominal radiograph. These were scored from 0 to 2. A total score of 3 allowed feed initiation, while a score of 4 required deferment of feed initiation and reassessment every 4 h till the total score permitted feed initiation. NEC was diagnosed as per Modified Bells staging. FI was monitored by abdominal girth measurement, prefeed gastric aspirate volume and color, vomiting and radiograph of abdomen (Table 2) .
Primary outcome
Time in days required to attain an enteral feeding volume sufficient to allow discontinuation of PN fluids and incidence of NEC.
Secondary outcome
Secondary outcomes were incidence of FI, time to attainment of full feeds, time to regain birth weight, incidence of LOS, duration of hospital stay and allcause mortality.
Masking
Masking of the intervention was not possible. Note: Initiate feeding with a score of 3. Defer feed initiation for a score of 4 and reassess every 4 h. 2 findings qualified the baby to be having FI. Feeds withheld were resumed again based on feed initiation scoring. If the pre-feed aspirate was <25% or 25-50% and milky in nature, the action was to stop feeding for 6 h and then reassess.
Sample size calculation A significantly faster attainment of feeding was taken as at least 1 day >3 days, which was the duration by which neonates in the early feeding arm preceded feeding of neonates in the late arm. To observe a 4.4% reduction in the incidence of NEC from 16.4% reported in a similar study [9] to 12%, which is the incidence in preterms <32 weeks [11] with a-error of 5% and power of 80%, the requisite sample size was calculated to be 62 cases.
Statistical analysis
Baseline variables were analyzed using descriptive statistics. p-value of 0.05 was taken as significant. Statistical analysis was done using Stata version 10. Hazard ratio (HR) was calculated from a time to event analysis using Cox regression without censoring for outcomes that were continuous variables, and Kaplan-Meier curves were drawn. Odds ratio using logistic regression was estimated for binary outcomes such as the incidence of NEC and mortality, while Hazard rate ratio using Cox regression without censoring was applied to measure the other secondary outcomes. An intention to treat analysis was done.
R E S U L T S
Seventy-seven neonates were eligible for inclusion of which 15 were excluded for various reasons (Fig. 1) . Sixty-two neonates were enrolled and stratified as extreme preterm (n ¼ 20) or very preterm (n ¼ 42). Ten extreme preterm were randomized to early feeding and an equal number received late feeding, while in the very preterm population equal numbers of 21 neonates were randomized to receive early and late feeding. Babies in both the groups had similar baseline characteristics (Table 3 ) and showed no statistically significant differences. In the extreme preterm group, median time to attainment of sufficient feeds allowing discontinuation of PN was 14 days (IQR: Table 4 . Time to achieve sufficient enteral feed volume to allow discontinuation of parenteral nutrition
Time in days, median (25th-75th percentile) to achieve adequate enteral intake allowing discontinuation of PN Early feeding (%) n ¼ 10
Late feeding (%) n ¼ 10 Hazard rate ratio using Cox regression without censoring.
was no significant difference between the two arms for the other secondary outcomes studied (Table 6 ).
D I S C U S S I O N This randomized trial showed a significant difference in the median time required to attain sufficient feed volume to allow discontinuation of PN. The HR in both the groups indicate a nearly 60-90% faster attainment of feed volume, allowing earlier discontinuation of PN with early feeding as compared with late feeding. The faster attainment of full feeding in the early feeding group as compared with the late feeding group did not increase the risk of NEC and FI. It resulted in babies in the extreme preterm group regaining their birth weight significantly earlier. The earlier cessation of PN requirement in the early feeding arm did not translate into a lower incidence of LOS as compared with late feeding.
The strengths of this study were a randomized design, which accounted for the head start of 3 days to neonates fed early, inclusion of extreme preterm, stratification as the risk for NEC is higher in extreme preterm and antenatal management by a fetalmedicine specialist for optimal timing of birth. The outcome measure of time to attain sufficient feed volume allowing discontinuation of PN is relevant to settings similar to ours. Earlier weaning of PN from feed volume of 110-120 ml/kg/day in these preterm was well tolerated and along with earlier removal of PICC resulted in an overall low incidence of LOS. The combined strategy of feeding initiation and advancement as per the FAP and exclusive breast milk use resulted in a low incidence of NEC. The small number of extreme preterm neonates enrolled is a limitation of this study.
Chronic fetal hypoxia owing to extrinsic etiologies results in redistribution of blood flow to the vital organs and creates the risk for NEC [12, 13] . Earlier studies have shown an association between AREDF and NEC [6] , while recent studies have failed to show a causal association [9, 14, 15] . A recent systematic review and meta-analysis on delayed introduction of progressive enteral feeds to prevent NEC in very low birthweight infants included three trials with 613 IUGR neonates with AREDF on UA Doppler. The effects estimate was 0.87 (95% CI 0.54-1.41) with no effect of delayed introduction of enteral feeds on NEC [16] . This study shows that early feeding in preterm IUGR neonates with AREDF using exclusive breast milk as per a standardized feeding initiation and advancement plan does not increase the risk of NEC or FI. The study also demonstrates that discontinuation of PN at enteral feed volumes lower than conventionally accepted is well tolerated by preterms and results in an overall low incidence of sepsis. There are no studies from developing countries on this subject where earlier discontinuation of intravenous fluid use in the preterm neonate may result in shorter hospitalization, avoidance of overcrowding in the NICU and lower incidence of LOS-related morbidity and mortality.
In conclusion, our trial shows that initiation of early feeding in preterm IUGR neonates between 27 and 33 weeks with AREDF on UA Doppler using exclusive breast milk and as per a feeding initiation and advancement protocol results in earlier discontinuation of PN and does not increase the incidence of NEC or FI. Studies are needed to compare a faster rate of advancement of enteral feeding.
